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696a Wednesday, February 19, 2014the host CRISPR locus. The small RNA products of these spacer sequences
are used as guides by CRISPR proteins for silencing complementary viral se-
quences. Despite extensive research highlighting the maturation of the
CRISPR RNA guides and the targeting step mediated by CRISPR ribonu-
cleoprotein complexes, little is known about how spacer sequences are
initially integrated into the host CRISPR locus. Recently developed in
vivo integration assays revealed that Cas1 and Cas2 are the only CRISPR
proteins required for this step. Here we show that Cas1 and Cas2 associate
to form a protein complex. Using a combination of biochemical and struc-
tural approaches, we present the mechanism of spacer acquisition mediated
by the Cas1-Cas2 complex.
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The formation of guanine (G)-quadruplex structures in the guanine-rich tandem
repeats of the insulin-linked polymorphic region (ILPR) have potential effects
on transcription of the insulin gene. Recent studies demonstrate that the ILPR
G-quadruplexes can bind to insulin. The energetics of the binding between in-
sulin and the G-quadruplexes formed by the most common ILPR repeat
sequence have also been characterized in prior work. We have studied the pro-
ton transfer involved in the interaction between insulin and this DNA sequence
by conducting isothermal titration calorimetry (ITC) experiments in various
buffers and analyzing the observed enthalpy change. The transcriptional activ-
ity of a number of ILPR repeat sequences, including the consensus sequence,
have been measured previously. Transcriptional activity for less common re-
peats is significantly lower than that of the consensus sequence but can be
increased substantially by varying only one or two nucleotides. To determine
the potential role of G-quadruplex formation and stability in regulating tran-
scription, we have studied the second and third most common ILPR repeats
as well as their variant sequences that exhibit increased transcriptional activity.
ITC was used to characterize the energetics of the binding interaction between
insulin and each of the four ILPR repeat sequences. The bulk thermodynamic
measurements performed at various temperatures from 20 - 37 degrees Celsius
provide insight into these biomolecular interactions.
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Adenosine Deaminases that Act on RNA (ADARs) are a small family of en-
zymes found in metazoans which edit pre-mRNAs by modifying the base
adenosine to inosine. This editing results in translational mutations as ino-
sine is interpreted as guanosine by translational machinery. Two editing
events occur in humans on the Ionotropic Glutamate Receptor (GluR) pre-
mRNA and are known to modify its ion permeability and resensitization
kinetics. ADARs promiscuously edit perfectly complementary dsRNAs,
however, in the context of complex secondary and tertiary structure, ADARs
gain significant specificity for their substrates. Toward understanding the el-
ements of ADARs which drive specificity in the context of a wild type sub-
strate, we sought to generate a co-crystal structure of human ADAR2 with
RNA and determine the structure of a flexible loop of the catalytic domain
to ascertain its function. Crystals of GluR-B RNA and an ADAR2 truncation
PP-R2D have been produced in small scale screens, and work to produce
larger crystals suitable for x-ray diffraction is ongoing. Several mutants of
the ADAR2 catalytic domain (CD), S458G and R455A, have been solved.
Both of these mutant structures give some insight into the previously unde-
fined electron density of an unstructured loop located near the catalytic site.
These structures remain incomplete, yet provide a better descriptor of the dy-
namicity of the loop. To understand the kinetic role of the loop we have re-
placed it with glycine and found that editing is strongly inhibited. Current
work focuses on further mutations to the loop to determine its kinetic role.
The results of these studies have shown that large complexes of ADAR2
and substrate mimics can be crystallized, which is fortuitous for further
structure determination, and that the unstructured loop of the catalytic
domain remains highly dynamic despite mutations to decrease mobility.
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Protein Kinase R (PKR) is a central component of the innate immunity anti-
viral pathway and is activated by double stranded RNA (dsRNA). PKR con-
tains a C-terminal kinase domain and two tandem dsRNA binding motifs. In
the accepted model for activation, binding of multiple PKR monomers todsRNA enhances dimerization of the kinase domain. A minimum dsRNA
length of 30 bp is required for binding two PKR monomers and eliciting
strong enzymatic activation. However, short (15 bp) stem-loop RNAs con-
taining flanking single stranded tails (ss-dsRNAs) are capable of activating
PKR. Activation requires a 5’-triphosphate and the presence of both 5’
and 3’ ssRNA tails. The mechanism of PKR activation by ss-dsRNAs is
not understood. Here, we have characterized the structural features of ss-
dsRNAs that contribute to activation. We have designed a model ss-
dsRNA PKR activator containing two single stranded tails of 15 nt and a
15 bp stem (5’-15-15-15-3’) and made systematic truncations of the tail
and stem regions. Analytical ultracentrifugation experiments combined
with autophosphorylation assays were used to correlate RNA binding affinity
with the ability to activate the kinase. Both tails are required for PKR acti-
vation; however, they can be truncated to produce either 10-15-5 or 5-15-10
without abolishing activation. Activity is retained upon reducing the stem to
10 bp but is lost upon further reduction to 5 bp. All of the ss-dsRNAs bind
two PKR monomers in 75 mM NaCl. The loss of PKR activation is corre-
lated with weaker PKR binding, consistent with a model where the autophos-
phorylation rates are proportional to the concentration of RNA species
containing two PKR monomers. A 5’-triphosphate is required for activation.
Although the binding affinity decreases upon removal of the 5’-triphosphate,
the reduction is not sufficient to explain the loss of activation.
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The double-strand RNA-binding proteins (DRBP), which are featured by the
existence of evolutionarily conserved dsRNA-binding domain (DRBD), have
been reported to function in a variety of significant cellular activities, involving
RNA processing, RNA cleavage, RNA interference and anti-viral immunity
pathways.
However, it still remains unclear about the molecular mechanism and dynamic
properties underlying the interaction between DRBP and dsRNA. Recently
single-molecule experiments have shown an ATP-independent diffusion/sliding
activity of purified TRBP as well as its two homologs, PKR activator and
R3D1-L, on double strand RNAmolecules (Koh et al., 2013), indicating a poten-
tial generalizability of diffusion/sliding activity in dsRNA-binding proteins fam-
ily. To test this hypothesis and to further characterize DRBPs in terms of
substrate specificity, binding affinity, features of motion upon binding and mul-
tiple DRBD collaboration or redundancy, we examined in vivo expressed pro-
teins with one or more DRBDs at single-molecule level.
In this research, DRBP genes have been cloned from Human Open Reading
Frame Library and overexpressed in human A549 cells. Then we immobilized
the protein products on quartz slide surface by Single Molecule Pull Down
(Jain et al. 2011) and investigated their dynamic property upon biding various
dsRNA substrates using Protein Induced Fluorescence Enhancement (PIFE)
(Hwang et al, 2011). PIFE data from one of our candidates, TRBP, showed
the intensity fluctuation of Cy3, the fluorescent label of dsRNA substrates, indi-
cating that TRBP is sliding back and forth along dsRNA strand upon binding to
it (Fig. 1). This result is highly consistent with the experimental observation in
vitro (Koh et al., 2013).1. Koh H. R et al. (2013) Proc. Natl. Acad.
Sci USA 110:151-15.
2. Jain A et al. (2012) Nat Protoc 7:445-
452.
3. Hwang H et al. (2011) Proc Natl Acad
Sci USA 108:
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The production of insulin and islet amyloid polypeptide (IAPP) is limited to
b-cells due to restricted expression of a set of tissue-specific transcription
factors, the most well known of which is Pdx1. Naturally, insulin is ex-
pressed in much higher levels than IAPP, perhaps owing to the affinity of
Pdx1 to its target sites. Like many transcription factors, Pdx1 contains re-
gions of disorder whose function in transcription has not been adequately
studied. It is well documented that the Pdx1 homeodomain binds to a core
DNA recognition sequence containing the tetranucleotide TAAT, for which
its consensus binding site is reported as 50-CTCTAAT(T/G)AG-30. Interest-
ingly, while Pdx1 regulatory elements in the human insulin promoter
Wednesday, February 19, 2014 697aconform to the pentanucleotide 50-CTAAT-30 sequence, the Pdx1 regulatory
elements in the human iapp promoter contain a substitution to 50-TTAAT-30.
The available crystal structure of Pdx1 bound to the consensus nucleotide
sequence does not explain how the homeodomain would be able to identify
the natural variation, if it does at all. Moreover, the structure of the c-termi-
nal tail remains unknown, as is its contribution to the mechanism of target
site selection. Here we report a combination of isothermal calorimetric titra-
tions, NMR spectroscopy, and multi-microsecond molecular dynamics calcu-
lations of Pdx1 that define its interactions with a panel of natural promoter
and consensus-derived sequences. Our results show a small preference of
the Pdx1 homeodomain for 50-CTAAT-30. Molecular mechanics calculations,
corroborated by experimental NMR data, lead to a rational explanation for
sequence discrimination at this position. Regarding the 30-position of the
TAAT sequence, the addition of the dynamic c-terminal tail to the homeodo-
main provides additional sequence bias. Taken together, our results suggest a
molecular mechanism for differential Pdx1 affinity to elements from the in-
sulin and iapp promoter sequences.
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Protein kinase R (PKR) is a critical component of the interferon-induced
innate immunity pathway. PKR is expressed in a latent inactive form and be-
comes activated upon binding dsRNA to undergo autophosphorylation. PKR
contains a C-terminal kinase domain and two tandem dsRNA binding motifs.
It is believed that dimerization plays a critical role in the mechanism of acti-
vation of PKR by dsRNA. Activation requires dsRNA long enough to
accommodate at least two PKRs. In addition, the kinase domain has been
crystalized as a dimer and the structure suggests a mechanism linking the
dimer interface with the active site. However, there is no direct evidence
for dimerization of PKR on dsRNA lattices and some RNAs that bind mul-
tiple PKRs fail to activate. Therefore, we have developed a fluorescence
assay to quantitatively probe PKR dimerization upon binding to dsRNA. Us-
ing unnatural amino acid mutagenesis, p-azidophenylalanine was selectively
incorporated into PKR at a site that lies near the kinase dimer interface. This
residue was labeled with an Alexa Fluor 488 - alkyne conjugate using click
chemistry. This fluorophore has a small Stokes shift and is capable of homo
Fo¨rster Resonance Energy Transfer (homo-FRET). The fluorescence anisot-
ropy of this probe decreases upon PKR binding to an activating 40 bp
dsRNA due to depolarization induced by homo-FRET. The anisotropy in-
creases upon further addition of the dsRNA due to dilution of the PKR
monomers onto separate dsRNAs. Hetero-FRET between Alexa Fluor 488-
and Cy3-labeled PKR confirms that depolarization is due to dimerization.
PKR binding to non-activating dsRNAs does not induce a decrease in anisot-
ropy, indicating the absence of kinase dimer formation.
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Telomeres are complex nucleoprotein structures, formed at the ends of linear
chromosomes as means of termini protection and stabilization. They were
developped in response to the so-called termini replication problem, which
caused steady shortening of Eukaryota chromosomes over the course of
cell divisions. In numerous species, including humans, telomeric DNA con-
sists of tandem 5’-TTAGGG-3’ repeats of various length (ca. 10 kbp in case
of human chromosomes); this portion of non-coding DNA can be lost during
proliferation with no loss in genetic information. Constitutively proliferating
cells, however, need to produce telomerase – a ribonucleoprotein which is
able to elongate the termini by use of its own RNA template. Telomere-
deficient chromosomes might undergo ligation by cellular mechanisms of
DNA repair and, further, trigger apoptosis; at the same time, telomere short-
ening is considered to be a cellular marker of aging. These two reasons make
telomeres subject to particular attention in fields of drug design and senes-
cence research.
The telomere structure is stabilized by a number of distinct proteins, building
up the shelterin complex. Two of these are responsible for specifically recruit-
ing the complex to the telomeric sequence: Telomere repeat-binding factors 1
and 2 (TRF1 and TRF2). Here we present a detailed comparative Molecular
Dynamics study of their mechanism of binding and sequence recognition. A de-
composed free energy profile is used to quantify the key determinants of bind-
ing. We reproduce the experimental affinity data on the fully atomic scale, and
propose a novel mechanism of sequence specificity. Moreover, we havecomputed a 2D PMF profile that enables us to draw conclusions about the
association-dissociaton dynamics.
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It has been reported that a novel RNA aptamer with 12 residues (R12) binds
to a partial peptide of a prion protein (P16) [1]. This binding is expected to
prevent prion diseases, but its driving force remains rather unclear. Here we
calculate the free-energy change upon the binding of R12 and P16 using mo-
lecular mechanics, the three-dimensional (3D) reference interaction site
model (RISM) theory [2], and the hybrid method in which the angle-
dependent integral equation theory [3] applied to a multipolar water model
[4] is combined with the morphometric approach [5]. The 3D-RISM theory
and the hybrid method are employed for calculating the hydration energy and
the hydration entropy, respectively. We show that the large decrease in the
intermolecular energy upon the binding is almost cancelled out by a corre-
spondingly large increase in the hydration energy. The binding is driven
by a large gain in the translational, configurational entropy of water origi-
nating primarily from the reduction in water crowding in the system. Our
physical picture of the binding can be described as follows: The binding,
which is driven by the water-entropy effect, accompanies a loss of R12-
water and P16-water electrostatic attractive and van der Waals interactions.
But the loss is compensated by a gain in R12-P16 electrostatic attractive and
van der Waals interactions.
[1] T. Mashima, et al., Nucleic Acids Res. 41, 1355 (2013).
[2] T. Imai, et al., J. Chem. Phys. 126, 225102 (2007).
[3] M. Kinoshita, J. Chem. Phys. 128, 0245071 (2008).
[4] P. G. Kusalik and G. N. Patey, Mol. Phys. 65, 1105 (1988).
[5] R. Roth, Y. Harano, and M. Kinoshita, Phys. Rev. Lett. 97, 078101
(2006).
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Protein-based complexes are the basis of many key systems in nature and
have been the subject of intense research in the last decades [1]. Computa-
tional Alanine Scanning Mutagenesis approaches have been extensively
used in the determination of the most important residues for complex forma-
tion, the Hot-spots [1-3]. However, this approach is usually applied to the
study of protein-protein interfaces. In our work we focused on study of
protein-DNA interfaces, which are also crucial in nature, but have not
been the subject of as much research. We carry out MD simulations of
several protein-DNA complexes and tested the influence of the variation
of different parameters on the determination of the binding free energy terms
of 78 mutations: solvent representation, internal dielectric constant, Linear
and Nonlinear Poisson-Boltzmann equation, simulation time, number of
structures analyzed and energetic terms involved [4]. In a different perspec-
tive, we have also explored the machine-learning approaches as these are
faster while maintaining accuracy. We tested a group of twelve SASA-
based features for their ability to correlate and differentiate hot-spots. The
features tested were shown to be capable of discerning between hot- and
null-spots, while presenting low correlations. A new method using support
machine learning algorithms was developed: SBHD (Sasa-Based Hot-spot
Detection) [5]. With these advances in the field druggable sites can be easier
found in a variety of protein-based systems.
[1] Moreira IS, Fernandes PA, Ramos MJ, Proteins, 2007, 68: 803-812.
[2] Moreira IS, Fernandes PA, Ramos MJ, J. Comput. Chem., 2007, 28:644-
654.
[3] Pimenta AC, Martins JM, Fernandes R, Moreira IS, 2013, J. Chem. Info.
Model- Online.
[4] Ramos RM, Moreira IS, 2013, J. Chem. Theor. Comput., 9, 4243-4256.
[5] Martins JM, Ramos RM, Pimenta AC, Moreira IS, 2013, Proteins- Online.
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The possibility of using engineered DNA binding proteins to either control
gene expression (artificial transcription factors) or to alter the sequence or
structure of specific genes (Zinc Finger Nucleases) is a highly appealing idea
